Geochemical and morphological characteristics of Globorotalia truncatulinoides, a deep dwelling planktonic foraminifer, have been used since the mid 1950's to infer (palaeo)oceanographic conditions of the upper ocean. The coiling ratio has been linked to different water masses and stable oxygen isotope signal of this species to changes in depth habitat and/or season. Here we show that the isotopic composition of single specimens covering Termination III of multiple size fractions of North Atlantic G. truncatulinoides sinistral is indicative of a deeper calcification depth in the water column compared to G. truncatulinoides dextral as previously indirectly inferred in a plankton tow study. Furthermore, the change in coiling ratio from dominantly G. truncatulinoides dextral (95%) to brief episodes of dominantly G. truncatulinoides sinistral (80%) gives a strong indication of deepening of the permanent thermocline during periods in which G. truncatulinoides sinistral was dominant. The position of the permanent thermocline during MIS 8 and 7 echoes the relative strength of the AMOC, dominated by interglacial-glacial dynamics. We demonstrate that Glacial Heinrich (IRD) events appear to preceed a permanent thermocline shoaling whereas during the interglacial Heinrich events follow, likely a result of a weakened AMOC. Heinrich events in the glacial and interglacial portion of our record highlight the different forcing's of fresh water input.
Globorotalia inflata

Introduction
Variations in the depth of the permanent thermocline over glacialinterglacial cycles has important implications for understanding the dynamics of the upper ocean during climate change. Through wind, waves and convective action, the heating of the ocean surface caused by solar radiation can be mixed deeper into the water column. Given the specific heat capacity of oceanic water this surface mixed layer has a strong implication for the storage of heat. These upper homogenous waters, with nearly uniform properties (i.e., temperature and salinity), are separated from deeper water by a layer with a rapid temperature change situated (in the North Atlantic) around 200-1000 m water depth [Pinet, 2009] , called the permanent thermocline. The permanent thermocline is also defined as the depth with the largest vertical temperature gradient. At higher latitudes where the influx of solar radiation differs seasonally, a secondary seasonal thermocline can form in response to reduced turbidity and increased insolation at a depth above the permanent thermocline. As Globorotalia truncatulinoides [d'Orbigny, 1839] calcifies down to depths close to the permanent thermocline this is an ideal species to investigate fluctuations in the depth of the permanent thermocline.
Globally the first synchronous appearance of G . truncatulinoides occurs, and marks, the base of the Pliocene-Pleistocene boundary (ca. 2.0 Ma, below the Olduvai Subchron) [Hays and Berggren, 1971] , however the species originates much earlier at 2.82 Ma (during the Gauss magnetochron) [Dowsett, 1989; Lazarus et al ., 1995; Spencer-Cervato and Thierstein, 1997] in the Southwest Pacific immigrating 600 kyr later into the Indian Ocean at 2.2 Ma and the Atlantic Ocean at around 2.1 Ma. However, Sexton and Norris [2008] using high resolution abundance counts, with a temporal resolution of 3 kyr, note an earlier 19 kyr invasion of the early SW-Pacific forms, similar to the modern subtropical morphotypes, into the Atlantic 200 kyr after its evolution at 2.544-2.525 Ma, with the later semi-permanent colonization of the Atlantic Ocean occurring at 2.03 Ma [Spencer-Cervato and Thierstein, 1997] . Globorotalia truncatulinoides being the evolutionary youngest member of the modern planktonic foraminiferal assemblage [Spencer-Cervato and Thierstein, 1997] is deep-dwelling and is thought to reproduce at ~600 m with the subsequent juvenile population traveling back to surface waters wherein to slowly sink down the water column during ontogeny [Bé, 1977; Bé et al ., 1985; Hemleben et al ., 1989; Kemle-von Mücke and Hemleben, 1999; Vergnaud-Grazzini, 1976] calcifying down to water depths of ~1000 m [Bé, 1960; Durazzi, 1981; Hemleben et al ., 1989; Hemleben et al ., 1985; Lohmann and Schweitzer, 1990] . Thus, this species is considered to record local hydrography down to the depth of the permanent thermocline [LeGrande et al ., 2004; Lohmann and Schweitzer, 1990; Martínez, 1994; 1997; Ravelo and Fairbanks, 1992; Steph et al ., 2009] and many researchers utilize the species as a proxy for sub-surface palaeoceanographic conditions [Cléroux et al ., 2007; Erez and Honjo, 1981; Healy-Williams et al ., 1985; Kennett, 1968; Lohmann, 1992; Lohmann and Malmgren, 1983; Lohmann and Schweitzer, 1990; Martínez, 1994; 1997; Mulitza et al ., 1997; Pharr and Williams, 1987] .
Furthermore, the coiling direction of G . truncatulinoides appears linked to water depth [Lohmann, 1992] , different water masses [Bé, 1960; Ericson et al ., 1955; Thiede, 1971; Tolderlund and Be, 1971] and/or seasons [Lončarić et al ., 2005; Lončarić et al ., 2007] . Left and right coiling of chamber arrangement is exhibited within numerous members of the modern planktonic foraminiferal species [Brummer and Kroon, 1988] , but a clear species distinction between sinistral and dextral is only apparent in a few species, e.g. Neogloboquadrina pachyderma and G . truncatulinoides. Furthermore, this morphological characteristic has been shown as a discernable characteristic of genetic variance in but a few species [Darling et al ., 1997] . Coiling ratios have however been shown to indicate a change in environment and therefore make an ideal quantitative biomarker in the fossil record. The ratios of sinistral and dextral G . truncatulinoides were first utilized as an environmental tracer by Ericson et al ., [1955] , following on from the suggestion of an evolutionary significance [Bolli, 1950; Bolli, 1951] , who went onto determine a core-top coiling ratio provenance relationship. Further analysis of G . truncatulinoides has revealed both a complex morphological appearance and genetic variance within the species [de Vargas et al ., 2001; Renaud and Schmidt, 2003] . de Vargas et al . [2001] found, through analysis of subunit RNA ribosomal genes, that there exists four genotypes associated with the modern taxonomic unit with each genetically distinct species being adapted to different hydrographic conditions. de Vargas et al. [2001] defined morphological characteristics that allowed some distinction to be made, using this Renaud and Schmidt [2003] found that these four cryptic species of G . truncatulinoides follow down-core temperature variations for the past 140 kyr. Later it was Ujiié and Lipps [2009] who added a fifth genotype and as the study by de Vargas et al. [2001] did not perform genetic and morphological analysis on the same specimens, Quillévéré et al . [2013] did a more elaborate and global study on the morphological characteristics of G . truncatulinoides.
Given that modern specimens of G . truncatulinoides have a depth habitat that covers, in some regions, the upper 1000 m of the water column [Hemleben et al ., 1985] the environmental conditions that control the species distribution are difficult to distinguish given the variability in terms of temperature, salinity, mixing, turbulence, productivity and associated nutrients and prey abundance [Hemleben et al ., 1989; Kemle-von Mücke and Hemleben, 1999] . Sediment trap data of G . truncatulinoides from various regions indicate fluxes from winter until spring [Deuser and Ross, 1989; Deuser et al ., 1981; Eguchi et al ., 1999; Storz et al ., 2009; Vergnaud-Grazzini, 1976; Wilke et al ., 2009] although it has been suggested that this species has a potential life span of one year [Hemleben et al ., 1989] . Longevity combined with its relatively large depth habitat would suggest that G . truncatulinoides is severely prone to expatriation yet the geographic distribution pattern from both sediment and plankton studies are analogous [de Vargas et al ., 2001; Nancy Healy-Williams and Williams, 1981; Kennett, 1968; Lohmann and Malmgren, 1983] . The findings in aforementioned studies and the selection of a single morphotype (see methodology) will reduce the risk of analyzing multiple, laterally transported, genetic species of G . truncatulinoides [Renaud and Schmidt, 2003 ] as our core is located close to a east-west morphospecies boundary and the North Atlantic gyre would transport a different morphospecies towards to core area.
Based on plankton tows, Lohmann and Schweitzer, [1990] hypothesized that G . truncatulinoides sinistral has a deeper preferred habitat in the water column than G . truncatulinoides dextral . Plankton tow samples, from the same area of our study [Ottens, 1992] , confirm this, finding large concentration of G . truncatulinoides sinistral deeper in the water column (700-800 meters water depth) compared to concentrations of G . truncatulinoides dextral closer to the surface (400-500 meters water depth). Analysis of both the coiling ratio and the stable isotope composition of different size fractions of G . truncatulinoides across Termination III, presented here, reveals that a similar ecological structuring occurred 200-260 kyr before present. Marine isotope stages 8 and 7 are important periods of habitat expansion of G . truncatulinoides, it was during this period that the species underwent two southward expansions of its habitat into (sub)Antarctic waters at ~200 and ~300 kyr [Kennett, 1970; Pharr and Williams, 1987] . Palaeoceanographically Termination III is an under studied period in recent Earth history, despite its great similarity to the stepwise warming of the most recent Termination I (i.e. Younger Dryas; Cheng et al . [2009] ) and having the strongest precession, obliquity and eccentricity forcing, driving the northern hemisphere solar insolation, of the past 500 kyr [Ruddiman, 2001] . Thus this time period is expected to show the strongest seasonal variability, however it poses a conundrum in having been the least pronounced glaciation. In more recent years research has focused on the role of the ocean in providing the feedbacks necessary for initiation of glaciation and the abruptness of deglaciations. Reconstruction of the depth of the permanent thermocline enables a look at the heat distribution within the ocean. Analyzing the range in oxygen isotopes for multiple individuals within one sample will give an indication of either seasonal temperature variability or depth habitat dominating their observed chemistry [Ganssen et al ., 2011; Killingley et al ., 1981] . As the seasonal temperature variability is ~1-2 °C at the preferred depth habitat of G . truncatulinoides [Levitus, 2009] , the range will mainly reflect depth migration. Therefore, this study will give new insights into the viability of using G . truncatulinoides as a proxy for past changes in the depth of the permanent thermocline.
Methodology
Samples from North Atlantic piston core JGOFS APNAP T90-9P (45°17.5'N, 27°41.3'W; 2934 m water depth; core length = 1028 cm) were taken from depth interval 728-828 cm, with 1 cm slices taken at 4 cm intervals across Marine Isotope Stage (MIS) 8 and 7 including Termination 3, representing the period between about 260 and 200 kyr including Heinrich Event (HE) 15 and 14 (Figure 7 .1) [Lototskaya et al ., 1998 ]. Washed samples were size fractionated by The coiling ratio between dextral and sinistral G . truncatulinoides (Figure 7 .2) for individual size fractions was based upon counts of 100 specimens.
From the subsequent size fractions, where possible, 20 specimens of G . truncatulinoides dextral were picked following the taxonomy of Bé, [1977] for single specimen isotopic analysis. As there are multiple (genetic) species of G . truncatulinoides [de Vargas et al ., 2001; Quillévéré et al ., 2011; Ujiié and Lipps, 2009; Ujiié and Asami, 2013; Ujiié et al ., 2010] all specimens were picked and counted following the morphotypes depicted in Figure 7 .2. We assume, based upon a visual comparison, that we have analyzed species II as defined by de Vargas et al . [2001] . This assumption is further strengthened by the findings of Ujiié et al . [2010] only seeing both coiling varieties in species II. At present little is known about the metabolic, or calcification, processes associated with each genetic species and therefore the 'vital effect' , or deviation from equilibrium, is not known. However, it is likely that as the genotypes have similar morphology (including encrustment) and come from the same lineage that the underlying process of calcification can be assumed to be the same or at least had not drastically altered. Furthermore, the study by Lončarić et al . [2006] found no deviation from δ 18 O equilibrium in G . truncatulinoides from the South Atlantic. As opposed to oxygen isotopes, which reflect the ambient hydrology at the time of calcification, deviation in carbon isotopes between genotypes may be apparent due to underlying diversification of niches (i.e. different prey).
Samples were analysed on a Thermo Finnigan Delta + mass spectrometer equipped with a GASBENCH II preparation device. Samples were placed in a Hefilled 3 ml exetainer vial and digested in concentrated H 3 PO 4 at a temperature of 45 °C. Subsequently the CO 2 -He gas mixture is transported to the GASBENCH II by use of a He flow through a flushing needle system where water is extracted from the gas using a NAFION tubing. CO 2 is analysed in the mass spectrometer after separation of other gases in a GC column. Isotope values are reported as the standards denotation δ Each dataset for the discrete depth intervals was tested for normality using a Shapiro-Wilk test, those samples that deviated from normality (p <0.05) were separated into two distributions using the mixture analysis in PAST [Hammer et al ., 2001] . The corresponding unmixed distributions were evaluated using the Akaike Information Criterion, where minimal values indicate that the grouping chosen does not overfit the data. The test of Ashman et al, [1994] for quantifying bimodality was performed to determine whether there is a clear separation into two modes (D >2), these results are reported in Table 7 .1. In order to determine whether a change in stratification, i.e. a change in the depth of the permanent thermocline, occurs samples were tested, using an F-test and subsequently a T-test for independent samples (or Welch test, depending on the ), samples with the same variance were tested with a T-test for independent samples, those that have different variances were tested with a Welch test (
). The critical value is p <0.05 for all tests. F value) to see whether (i) the means between size fractions of the same coiling direction are different (Table 7 .1), and (ii) the means between coiling directions of the same size fraction are different (Table 7. 2). Subsequently, all samples were tested for covariance between oxygen and carbon isotopes of individuals from the same sample (Table 7. 3). These analysis were performed in PAST [Hammer et al ., 2001] on individual samples per size fraction and for all four size fractions combined. The correlation coefficient (-1 < CC < 1) was calculated by dividing the covariance by the product of the two standard deviations (of the oxygen and carbon isotopes) to have a measure of covariance independent of the samples variance. A CC of -1 would mean a strong negative covariance, a CC of 1 would indicate a strong positive covariance and a CC of 0 shows no covariance.
Results and discussion
Bioturbation impact on proxy records
Bioturbation, the mechanical mixing of the sediment by benthic organisms, could pose a problem interpreting high resolution data recovered from the sediment such as that presented here. Assuming that bioturbation would generate two (or more) populations within a sample, failing the normality (Shapiro-Wilk) test could be used as an indicator of a mixed signal (Table 7 .4). Based upon the δ
18
O values only the larger size fraction at 209 kyr displays multi-(bi)modality. However, the range at 209 kyr is similar to the preceding sample. In order to not spuriously reject a sample, diagnostic sedimentological features as per the study of Scussolini et al ., [2013] were analyzed for signs of bioturbation. Based upon the coiling ratio of G . truncatulinoides for four successive size fractions (Figure 7.3a) , the magnetic susceptibility (Figure 7 .3b) and the Calcium and Titanium XRF counts (Figure 7 .3c and 7.3d) no definable signs of bioturbation are visible. For instance were bioturbation to have affected different size fractions, as per Bard, [2001] , the abrupt transition from sinistrally dominated to dextrally dominated periods would be more gradual. Thus, our record is interpreted as being unaffected by distortions through bioturbation.
The G. truncatulinoides dextral stable isotopes
The single specimen δ (Figure 7.1b) . This sample at the glacial-interglacial transition (Termination III) occurred when the melting of glacial ice released cold, fresh, isotopically depleted (-38‰) water [Broecker and Denton, 1989] leading to a freshening and depletion in δ 18 O of the surface water layer at the initial phase of deglaciation. Whilst Worthington, [1968] was the first to propose a fresh water lens over the world oceans as a result of deglaciation, later confirmation was brought by Berger [1978] and Berger et al . [1977] through the unmixing of isotopic curves. Jones and Ruddiman, [1982] considered that the melting of large scale continental ice would have a direct effect in the local vicinity rather than an immediate global effect. Despite these findings being based on Termination I, it is plausible that there is little difference in the mechanism of fresh water input during Termination III, providing an explanation for the observed large range in δ 18 O. Small sized individuals of G . truncatulinoides dextral likely calcified within this shallow low-salinity water lens in contrast to the largest three size fractions that remain unaffected at ~232 kyr (Figure 7 .4b). This is caused by either (i) a drop in temperature of the surface waters due to ice rafting, yet an estimated temperature difference of 8 ºC amounts to a ~2 ‰ enrichment in δ
18
O which would have the opposite effect or, most probable, (ii) the mixing of low saline water from ice bergs with the upper ocean with an isotopic signature of approximately -38‰. Two more peaks with a larger total range are observed at ~244 kyr (5.1‰) and ~210 kyr (4.9‰) coinciding with increased numbers of particles in our core consistent with the designation Ice Rafted Debris (for timing correlation see magnetic susceptibility records in Lototskaya et al . [1998] and Robinson et al . [1995] ), indicating a large ice berg discharge during a HE and reflect a similar scenario of fresh water depletion in δ
O values brought about by a meltwater pulse. Furthermore, there is little to no effect on the larger individuals during these HE enabling the distinction between large (glacial-interglacial) and small (HE) scale climate fluctuations.
The carbon isotopes (δ 13 C) show a similar trend as the oxygen isotopes with depleted values in δ 13 C in the smaller G . truncatulinoides dextral fraction (Figure 7.1c) . A similar trend was observed by Lohmann, [1995] who interprets this as secondary encrustation. He states that the δ 13 C of the crust changes with shell size (i.e. depth of encrustment) and that all shells would have a similar δ 13 C signal if the crust were to be removed. Furthermore, Berger, [1978] showed, albeit for different species, a depletion in δ 13 C with decreasing shell size.
G. truncatulinoides dextral vs. G. truncatulinoides sinistral
Ericson et al, [1955] mapped the regions of the North Atlantic with respect to the modern occurrence of G . truncatulinoides dextral and G . truncatulinoides sinistral . Core T90-9P lies within a dextrally dominated area (up to 95% dextral) and most of our samples confirm the dominance of the right coiling variation for most of the interval studied. All four size fractions show the same trend (Figure 7 .3a and 7.5a) with two peaks (~80% sinistral) in sinistral coiling specimens (~249 -239 kyr and ~219 -207 kyr) driven by either physical (i.e. temperature, changing movement of water bodies) or chemical (i.e. salinity or pH) changes in the water column [Thiede, 1971] . Furthermore, we found no correlation between the coiling ratio and the stable isotopes in our dataset. In a modern environment, near Bermuda, the modeling study by Lohmann and Schweitzer [1990] infers a major decrease in G . truncatulinoides sinistral when the thermocline rises from 800 m to 600 m water depth related to the reproductive depth of sinistrally coiling specimens. This indicates that during the periods dominated by left coiling specimens the permanent thermocline might have deepened in the water column at our core location. A t-test for independent samples comparing the difference between the size fraction means of a particular coiling direction concurs with the scenario of a change in the depth of the permanent thermocline (Figure 7.7) . During the glacial, when mixing is deeper the means are similar (p <0.05; Table 7 .3), whereas during the interglacial when the water column is more stratified the means are different. Visually however the means lie close to one another ( Figure  7 .5. c-d; Table 7 .3) which is assumed to show that whilst a rise in the permanent thermocline occurs it is weakly stratified (Figure 7.7) . The second t-test, that compares the difference between the means of the different coiling directions with a similar size (Table 7. Table 7 .2). This would indicate that the mechanism that is responsible for the difference between the oxygen isotopic composition and size (i.e. depth habitat) is different from that which alters the carbon isotopic composition. As a consequence of the surface photosynthesis and the oxidation of organic matter at depth the isotopic composition of dissolved inorganic carbon (DIC ≡ ∑CO 2 ) varies vertically, the resulting δ 13 C profile shows enriched surface waters and a prominent depleted values concordant with a minima in dissolved oxygen (Figure 7.8) . The fact that G . truncatulinoides is asymbiotic precludes some of the size-δ 13 C related variance described in the literature [Spero and DeNiro, 1987] leaving either a dietary response [DeNiro and Epstein, 1978] or indicating metabolic fractionation (i.e., respiration [Berger et al ., 1978] ) or influence on the ambient and/or internal carbon pool (i.e., carbonate ion concentration). Through feeding experiments Anderson et al . [1979] showed that rather than being microherbivorous [Lipps and Valentine, 1970 ] G . truncatulinoides are omnivorous feeding on both the coccolithophore Emiliani huxleyi and on the brine shrimp Artemia nauplii. In the natural environment its abundance has been hypothesised in tracking prey concentrations although given the considerable depths it inhabits it likely feeds on detritus settling from the photic zone capturing prey items within its extensive, up to 8 mm surrounding the shell, rhizopodial network [Bé et al ., 1979] . DeNiro and Epstein, [1978] highlighted the fact that consumers are slightly enriched in δ C values than carnivorous foraminifera. Hemleben and Bijma, [1994] hypothesised that dietary change between juveniles grazing on phytoplankton, or feeding on their detritus, and the carnivorous diet of later neanic and/or adult stages should coincide with an increase in δ 13 C. Considering their depth range, and potential longevity, it would be plausible that they would undergo a change in diet or at least the type of food available to them. Likewise, growth rate, final size, δ 13 C and rate of chamber addition have all been shown to correlate positively with increased feeding rate [Bé et al ., 1981; Bijma et al ., 1992; Hemleben et al ., 1987; Ortiz et al ., 1996] , i .e . a doubling in feeding rate resulted in a decrease in δ 13 C by 1 ‰ for specimens of Globigerinella siphonifera [Hemleben and Bijma, 1994] . As metabolic rates slow, or if a reduction in food with depth occurs during ontogeny the test becomes more enriched in 13 C as the incorporation of light carbon decreases [Bemis et al ., 2000; Berger et al ., 1978; Birch et al ., 2013; Fairbanks et al ., 1982; Oppo and Fairbanks, 1989; Spero and Lea, 1996; Vincent and Berger, 1981] . Younger (or smaller) foraminifera are inferred to have higher respiration rates (high metabolic rate thus increased kinetic fractionation) which during calcification leads to a greater amount of metabolic CO 2 depleted in 13 C incorporated into the test calcite [Bemis et al ., 2000; Berger et al ., 1978; Ravelo and Fairbanks, 1995] .
Lohmann, [1995] postulated however that the amount of secondary encrustment, with a lower δ 13 C signal, is related to both size and water depth. The addition of a secondary crust, or gametogenetic calcite at depth, potentially via absorption and remineralisation of earlier chambers and spines during preparations for reproduction, may lead to an isotopic offset [Hemleben et al ., 1989; Schiebel and Hemleben, 2005] . Formation of a secondary calcite crust is in response to the temperature of the ambient environment falling below 8 ºC, either through seasonal fluctuations in temperature or by depth migration, which was first shown in culture by Hemleben and Spindler [1983] and later confirmed by down core work [Mulitza et al ., 1997] and sediment traps [Spear et al ., 2011] .
Palaeoceanographic implications
Therefore assuming that the crust does develop below 8 ºC which at this core location varies between ~700 m and ~1000 m water depth during winter and summer, respectively (Figure 7 .7) then this ( Figure 7 .5e and f) suggests that individuals >250 µm have most of the secondary crust added at or below these depths. The range in δ 18 O corresponding to a temperature range of 8-12 ºC, implies that G . truncatulinoides dextral <250 µm (Figure 7 .4b) calcifies in the upper 600 m of the water column at the core location. On the other hand, G . truncatulinoides sinistral <250 µm precipitated most of its shell below this depth, and based on the δ 13 C signal not deeper than ~900 m. Furthermore, given the seasonal flux of G . truncatulinoides in the North Atlantic [Storz et al ., 2009] it is safe to assume that variations among size fractions and coiling varieties are dominated by calcification depth. Lohmann and Schweitzer [1990] considered that G . truncatulinoides dextral sinks slower in the water column, and thus the shallower depth habitat is a reproductive strategy to enable juvenile foraminifera, regardless of their potential migratory abilities or buoyancy control, to return to the surface with vertical mixing [Lohmann, 1992] . Whilst it is evident that dextral populations increase toward the tropics and G . truncatulinoides in general has highest abundance in subtropical surface sediments [Niebler, 1995; Pflaumann et al., 1995] wherein mixing of the water column is restricted to the shallowest depths [Bé, 1977; Ujiié et al., 2010] other theories exist. Healy-Wiliams et al. [1985] considered that regardless of morphotype the maximum depth habitat of G . truncatulinoides in the Indian Ocean had some relation to the depth of the 26.6 σ t isopycnal. Based upon Figure 7 .3 of Ujiié et al. [2010] this would appear to be the case in the North Atlantic for both a well-mixed and stratified water column. If the right coiling dominance is persistently found in association with a stratified water mass [Lohmann and Schweitzer, 1990; Ottens, 1992; Ujiié et al., 2010] then this could indicate some association with the structure and stability of the water column that determines the dominant coiling direction. Takayanagi et al. [1968] identified a distinct latitudinal development of umbilical teeth on the last 2-3 chambers of the final whorl, which whilst independent of the coiling direction, low latitudes appear to have higher concentrations of teeth bearing specimens. Whilst, the function of test ornamentation is not well known, umbilical teeth in the benthic foraminifer Haynesina germanica were identified as having some role in feeding upon diatoms [Khanna et al., 2013] . Living zooplankton is difficult for non-spinose foraminifera to capture and hold [Hemleben et al., 1985] , thus it is likely that their diet is consistent with that of a detritivore, fluctuating with seasonal succession. In response to local hydrography from a mixed to stratified water column the seasonal succession of the phytoplankton community changes in the North Atlantic ocean from: diatoms → flaggelates, at this location presumably prymnesiophytes [Sieracki et al., 1993] → coccolithophores → cyanobacteria [Veldhuis et al., 1993] . Following deep convection in late winter the upper ocean is supplied on average with approximately 8 μmol/l of nitrate and 6 μmol/l of silicate. The development of the seasonal thermocline during spring, in combination with this initial high initial nutrient content favors the development of rapid growing diatoms [Broerse et al., 2000] , as silica is depleted and the development of a stratified water column occurs the community switches to coccolithophores suited to such oligotrophic conditions. Thus coiling direction could have some relationship with diet, although this is purely speculation given the limited number of papers on the subject.
Certainly the covariance between δ 13 C and δ 18 O of G . truncatulinoides dextral in interglacial samples would indicate some relationship between the controls of both isotopes. Intriguingly during the MIS 8 this covariance is reduced, in the first instance it could be considered that this is the combination of both the carbonate ion effect, and the difference between the ice volume effect and the reorganization of carbon sinks and sources. However, when the atmospheric CO 2 concentration (Figure 7.9a ) is compared to the covariance in δ glutinata, Neogloboquadrina incompta and Neogloboquadrina pachyderma and the benthic species Cibicidoides wuellerstorfi this would appear to be incorrect. From these records it becomes apparent that palaeoceanographic shifts, apart from the ice volume effect, that have taken place over Termination III have not affected bottom waters as the δ 13 C record of C . wuellerstorfi is remarkably stable (Figure 7.9c) . The covariance in G . truncatulinoides dextral (Figure 7 .9b) and the δ 13 C record of other planktonic species (Figure 7. 9c), however, shows very erratic behavior during the glacial period. A potential cause of these fluctuations could be the first occurrence of the coccolithophore Emiliania huxleyi [Thierstein et al ., 1977] , considered to be the biggest producer of planktonic calcium carbonate [Westbroek et al., 1989] , instigating a large shift in niches of planktonic organisms and changes in carbon sinks.
From the above a 'G . truncatulinoides stratification index' can be reconstructed where specimens <250 µm of G . truncatulinoides dextral calcify in the upper 600 m of the water column and their sinistral counterparts precipitate most of their shell between 600 m and 900 m. Specimens from both coiling varieties >250 µm will add on chambers and secondary crust down to depths of 1000 m and potentially even deeper. This is schematically represented in Figure 7 .10 for three snapshots in time at the core location: (i) 243 kyr during glacial times (MIS 8) dominated by G . truncatulinoides sinistral and thus the permanent thermocline at or deeper than 800 m, (ii) 231 kyr at the glacial-interglacial termination dominated by G . truncatulinoides dextral indicative of a shoaling of the permanent thermocline and, furthermore, influx of fresh water by melting glacial ice severely depleted in δ 18 O leading to an exceptionally large range in δ 18 O of G . truncatulinoides dextral <250 µm and (iii) 222 kyr during the interglacial (MIS 7) also dominated by G . truncatulinoides dextral and the permanent thermocline at or above 600 m water depth. The cause of the shoaling and deepening of the permanent thermocline potentially lies within the circulation of the ocean, alteration in the AMOC has been estimated to have a global impact via the propagation of Rossby/Kelvin waves [Johnson and Marshall, 2002] . Differential solar heating between high and low latitudes drives surface waters pole-wards, being disrupted by evaporation at low and the input of fresh water at high latitudes, the return of this water equator-wards occurs via the sinking and formation of deep water (NADW) in the Nordic Seas completes the Atlantic Meridional Overturning Circulation (AMOC) component. Numerical modelling suggests that only small freshwater perturbations are sufficient to trigger significant decreases and ultimately a complete shutdown of convection. Our results indicate that the permanent thermocline responded very differently preceding Heinrich events 15 and 14, during MIS 8 and 7 respectively, potentially the result of two different forcing mechanisms. During the glacial it is likely that the shift of deep water convection from the Norwegian-Greenland Seas into the northern North Atlantic [Clark et al ., 2002] means that, as per high latitudes in the modern ocean, the permanent thermocline is shallowest, to non-existent close to or at the core location. If HE15 is in response to ice-sheet instabilities instead of an oceanic forcing then the permanent thermocline should deepen following HE15 as per our results, likely in response to a weakening of deep water convection via input of freshwater from the HE. A conceptual model, using free ice sheet oscillations as a function of both geothermal and atmospheric processes, predicted that the Heinrich-IRD events were accompanied by a freshwater flux to the North Atlantic on the order of only 0.16 Sv for 250-500 years [MacAyeal, 1993; Zahn et al., 1997] . The distribution of meltwater predominately between 40°N and 70°N disrupts and/or inhibits deep water formation through latent melting heat, reducing oceanic heat loss, and freshwater flux that facilitates sea-ice formation. The disruption of deep ocean convection reinforces itself through positive feedback through a reduction in the northward transport that prevents the salinity anomaly from being replaced by higher saline surface waters for an enhanced period of time [Wiersma and Jongma, 2010] . In contrast, HE14 appears to respond to an oceanic forcing, the deepening of the permanent thermocline appears to correspond with a rise in precession (Figure 7 .5a). Proxy records have shown that the AMOC was at its weakest in the preceding 1-2 kyr from the onset of certain Heinrich events, the subsurface heating associated with this AMOC reduction through the downward mixing of heat that continued at low latitudes significantly increased the rate of mass loss of ice sheets initiating the HE [Bond and Lotti, 1995; Gutjahr et al ., 2010; Mangini et al ., 2010; Marcott et al ., 2011; McManus et al ., 2004; Zahn et al ., 1997] . The shoaling of the permanent thermocline, initiated by the HE-induced meltwater event leads into the return of glacial like conditions that mark MIS 7d.
Conclusion & Outlook
This study shows the importance of analyzing single specimens from multiple size fractions of both G . truncatulinoides dextral and G . truncatulinoides sinistral as it provides a good indication for the relative depth of the permanent (palaeo-) thermocline. Especially in sample locations where both coiling varieties and shifts in dominance between one and the other coiling direction are found over time, one can make a relative estimate of the depth at which the permanent thermocline must have been. Furthermore, this 'G . truncatulinoides stratification index' quantifies large scale ocean changes in terms of vertical stratification. Applied in highly resolved time slices over a latitudinal gradient it will give an indication of rates and magnitudes of climate perturbations. 
